Abstract. The purpose of the present study was to assess the contribution of simultaneous functional/anatomical imaging using integrated 18 F-fluorodeoxyglucose-positron emission tomography/computed tomography (FDG-PET/CT), compared with PET alone for the evaluation of initial lymph node staging in esophageal cancer. We studied 167 consecutive patients with thoracic esophageal squamous cell carcinoma (SCC) who had radical esophagectomy performed between January 1999 and April 2007. For individual nodal group evaluation, PET/CT showed 46.0% sensitivity (p<0.05 vs. PET), 99.4% specificity, 95.1% accuracy (p<0.05 vs. PET), 87.0% positive and 95.5% negative predictive values. PET showed 32.9% sensitivity, 98.9% specificity, 93.1% accuracy, 74.7% positive predictive value and 93.9% negative predictive value. Thus, the sensitivity and accuracy of PET/CT were significantly higher than those of PET. Comparisons between CT, PET and PET/CT in detecting lymph node metastasis by each region showed that PET/CT had a higher sensitivity in lower thoracic regions than PET and CT (p<0.05 vs. CT and PET). Lymph node staging (N0 vs. N1) was not significantly different, but staging per lymph nodal group was significantly better with PET/CT. Integrated PET/CT imaging with co-registration of anatomic and functional imaging data is useful in the initial lymph node staging of patients with operable esophageal cancer compared with PET alone.
Introduction
Positron emission tomography (PET) with 18 F-fluorodeoxyglucose (FDG) provides physiological information that enables a diagnosis of cancer based on altered tissue glucose metabolism (1) . The role and potential value of PET as a non-invasive imaging modality has been widely investigated (2) (3) (4) (5) . Several studies have shown markedly increased FDG uptake in esophageal carcinoma (6) (7) (8) (9) (10) (11) (12) (13) . FDG-PET imaging may facilitate a diagnosis in patients with malignant diseases by enabling the differentiation between benign and malignant tumors, assessment of the extension of disease (6) (7) (8) (9) (10) (11) (12) (13) , detection of tumor recurrence (14) (15) (16) and monitoring response to therapy (17) (18) (19) (20) . We have previously reported the usefulness of FDG-PET for staging of esophageal squamous cell carcinoma (SCC), where it offers higher sensitivity, specificity and accuracy for lymph node detection compared to computed tomography (CT), particularly in the neck and upper thoracic region (21) . With regard to staging accuracy, the incremental value of FDG-PET is 14% compared with CT (22, 23) . Furthermore, serial FDG-PET may be of considerable value in predicting the pathological response of esophageal SCC to preoperative therapy (20) .
Co-registration of PET and CT using integrated PET/CT systems has been shown to be of additional value for image interpretation of the two modalities, providing complementary information for both techniques. Improved accuracy of FDG imaging, resulting in a clinical impact on patient management, has been described with the use of PET/CT in patients with lung, colon, head and neck tumors, lymphomas and esophagus (24) (25) (26) (27) (28) (29) (30) . Integrated PET/CT has been shown to be more useful than PET and CT performed separately (31) . Integrated PET/CT imaging facilitates the separation of normal physiological uptake from pathological uptake, allows accurate localization of functional abnormalities and reduces the incidence of false-positive and false-negative imaging studies (31) . PET/CT has been shown to decrease the number of false-positive findings compared to PET alone by anatomical correlation, though differentiation of inflammation from malignancy must still be considered a limitation of FDG-PET and PET/CT. Accurate preoperative staging, particularly with regard to the depth of tumor invasion, involvement of lymph nodes and distant metastasis, is vital in determining the most appropriate procedures for curative surgery for thoracic esophageal carcinoma (21) . Regional lymph node metastasis is one of the most important prognostic factors and has a major impact on treatment selection in esophageal cancer (23) . Both the number and the location of involved lymph nodes have been considered to be important prognostic factors (12) . However, PET alone has a low sensitivity for initial nodal staging (10) (11) (12) (13) 22) . The purpose of the present study was to assess the contribution of simultaneous functional/anatomical imaging using integrated FDG-PET/CT, compared with PET alone, for the evaluation of initial lymph node staging in esophageal cancer. We hypothesized that integrated PET/CT would be of additional value over conventional PET images.
Patients and methods

Patients.
We studied 167 consecutive patients with thoracic esophageal SCC who had radical esophagectomy performed at the Department of General Surgical Science, Graduate School of Medicine, Gunma University, Japan, between January 1999 and April 2007. None of the patients had received prior treatment. The median age was 64.1 years, with a range of 41-79 years (Table I) . Tumor stage and disease grade were classified according to the sixth edition of the TNM classification of the International Union Against Cancer (UICC) (32) . We determined the tumor stage conventionally by CT of the neck, chest, and abdomen, bone scans, endoscopic ultrasound (EUS), endoscopy and esophagography. The blood sugar levels in all patients were <120 mg/dl at the time of the PET scan.
Treatment and clinical outcome. Two different procedures were used. In suitable patients, a standard esophagectomy was performed by the McKeown method and three-field (thoracoabdominal and cervical) lymph node dissection was also performed if indicated. In other patients, Ivor Lewis esophagectomy was used and two-field (thoracoabdominal) lymph node dissection was performed. All patients underwent curative thoracic esophagectomy that included the esophagogastric junction (21) . After surgery, the lymph nodes were separated from the resected esophagus and the adjacent tissue and were assigned specific numbers indicating the localization of the lymph node, according to the guidelines of the Japanese Society for Esophageal Diseases (JSED) (33) .
PET imaging. All patients underwent PET before surgery for staging at initial diagnosis. We studied 117 patients with thoracic esophageal SCC using PET images between 1999 and 2005. We also studied 50 patients using integrated PET/CT between 2006 and 2007 (Table I) .
We obtained PET images using a SET 2400 W (Shimadzu Corporation, Kyoto, Japan) with a 59.5-cm transaxial field of view and a 20-cm axial field of view. A whole-body image was initiated 40 min after the injection of FDG using the simultaneous emission/transmission method (21) . Between four and five sections were imaged from head to thigh for a period of 8 min per section. Patients fasted for at least 4 h before FDG-PET. Our Institutional Review Board approved the imaging protocols (21) and all patients gave informed consent before undergoing the examination. Two experienced nuclear medicine physicians evaluated all PET images qualitatively. Functional images of standardized uptake value (SUV) were produced from the attenuation-corrected transaxial images, the amount of injected FDG, body weight and the cross-calibration factors between PET and the dose calibrator. SUV was defined as the concentration of radioactivity in the tissue or lesion (MBq/ml) x patient body weight (g) / injected dose (MBq). Regional lymph nodes, which were evaluated using PET, were assigned specific numbers to indicate localization, in accordance with the guidelines of the Japanese Society for Esophageal Diseases (JSED). We obtained PET/CT images using a hybrid PET/CT system (GE Discovery ST8, GE, Milwaukee, USA) for eight-slice, helical CT acquisition, followed by a full-ring dedicated PET scan of the same axial range. Both PET and CT were performed with normal tidal breathing. PET images were reconstructed using ordered subset expectation maximization (OSEM) software, using CT-derived attenuation correction. The attenuation-corrected PET images, the CT images and the fused PET/CT images were available for review in axial, coronal and sagittal planes, as was a cine display of maximum intensity projections (MIP) of the PET data, using the manufacturer's review station (eNTegra and Xeleris, GEMS, Milwaukee, USA).
CT scan. Between 1999 and 2005, all 117 patients underwent a helical CT scan of the neck, chest and abdomen before surgery for staging at initial diagnosis. Ten-millimeter continuous scans were obtained from the neck to the bottom of the liver. A helical CT scanner was used and scanning was performed before and after injection of an intravenous contrast medium 3 min later. An oral contrast was not used. Lymph nodes were considered positive for metastasis if the short axis was >1 cm. These positive lymph nodes were assigned a specific number to indicate localization according to the guidelines of the JSED. The CT scan hard copy images were interpreted by two radiologists who were blinded to the results of the PET scan.
Statistical analysis. The sensitivity, specificity, accuracy, positive predictive value (PPV) and negative predictive value (NPV) of CT, PET and PET/CT were calculated using the standard definitions (34) . The accuracy of CT, PET and PET/CT was compared using a McNemar test (35) . The relationships between each treatment and the clinical features were determined using the χ 2 method and Fisher's exact test. The relationship between other parameters and SUV was determined using analysis of variance (ANOVA) or the student's t-test.
Results
Primary tumor. The primary tumor was visualized in 87 (74%) of 117 patients by PET imaging and in 41 (82%) of 50 patients by PET/CT (p=0.2851). Using PET imaging, FDG uptake was detected in 27 (49%) of 55 T1 patients, 7 (88%) of 8 T2 patients, 46 (98%) of 47 T3 patients and 7 (100%) of 7 T4 patients. Using PET/CT imaging, FDG uptake was detected in 12 (52%) of 21 T1 patients, 5 (100%) of 5 T2 patients, 22 (100%) of 22 T3 patients and 2 (100%) of 2 T4 patients (Fig. 1) .
Lymph node status. The diagnostic accuracy of lymph node metastasis is summarized in Table II . Of the 117 patients who had PET imaging, 60 were confirmed as having lymph node metastasis histopathologically. For the evaluation of lymph node staging in the detection of lymph node metastasis, PET showed 55.0% sensitivity, 86.0% specificity, 70.1% accuracy, 80.5% PPV and 64.5% NPV. CT showed 48.3% sensitivity, 73.7% specificity, 60.7% accuracy, 65.9% PPV and 57.5% NPV (Table II) . Of the 50 patients who had PET/CT imaging, 29 were confirmed to have lymph node metastasis histopathologically. For the evaluation of lymph node staging in the detection of lymph node metastasis, PET/CT showed 75.9% sensitivity (p<0.05 vs. CT), 81.0% specificity, 78.0% accuracy (p<0.05 vs. CT), 84.6% PPV and 70.8% NPV. There was no significant difference between PET and PET/CT for lymph node staging evaluation.
During surgery, the total number of dissected lymph nodes for the 117 patients by PET imaging was 8090, with an average of 69 dissected lymph nodes per patient. These lymph nodes comprised of 2332 cervical, 3454 thoracic and 2304 abdominal nodes. We found 1936 lymph node groups according to the JSED classification in 117 patients. Histopathologically, nodal metastases were present in 265 nodes, and in 170 lymph node groups. The diagnostic sensitivity, specificity and accuracy of PET and CT for lymph node metastasis are shown in Table II . For individual nodal group evaluation, PET showed 32.9% sensitivity, 98.9% specificity, 93.1% accuracy, 74.7% PPV and 93.9% NPV. CT showed 26.5% sensitivity, 97.5% specificity, 91.3% accuracy, 50.1% PPV and 93.2% NPV. The specificity, accuracy and PPV of PET were significantly higher than those of CT (p<0.01, p<0.05 and p<0.01, respectively).
In the 50 patients using PET/CT imaging, the total number of dissected lymph nodes was 3974, with an average of 79 dissected lymph nodes per patient. These lymph nodes comprised of 1327 cervical, 1745 thoracic and 902 abdominal nodes. We found 1079 lymph node groups according to the JSED classification in 50 patients. Histopathologically, nodal metastases were present in 176 nodes, ONCOLOGY REPORTS 20: 857-862, 2008 Table I. Patient characteristics. Comparisons between CT, PET and PET/CT in detecting lymph node metastasis by each region are summarized in Table III . PET showed a high degree of sensitivity in the neck and upper thoracic and abdominal regions, compared with that in the mid-and lower thoracic regions. The findings were similar with CT scanning. However, PET/CT showed a higher sensitivity in lower thoracic regions than PET and CT (p<0.05 vs. CT and PET). Furthermore, PET/CT showed a higher sensitivity in the neck than CT (p<0.05 vs. CT).
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Discussion
In the present study, we assessed whether PET/CT would be of additional value over conventional PET images. We retrospectively studied 167 patients with thoracic esophageal SCC who received radical esophagectomy without prior treatment. There was no significant difference between PET and PET/CT in the detection rate of the primary tumor. With regard to the diagnostic accuracy for lymph node metastasis, PET/CT showed 75.9% sensitivity, 81.0% specificity and 78.0% accuracy, compared with 55.0, 86.0 and 70.1%, respectively, for PET. There was no significant difference between PET/CT and PET for sensitivity, specificity and accuracy based on lymph node staging analysis. However, based on individual lymph nodal group analysis, PET/CT showed 46.0% sensitivity, 99.4% specificity and 95.1% accuracy, compared with 32.9, 98.9 and 93.1%, respectively, for PET. The sensitivity and accuracy of PET/CT were significantly higher than those of PET. Furthermore, PET/CT Table II . Diagnostic accuracy of lymph node metastasis of esophageal cancer. - showed a higher sensitivity in lower thoracic regions than PET. These results indicated that PET/CT had a higher sensitivity and accuracy than PET because PET/CT improved the FDG imaging in the initial lymph node staging of patients with esophageal cancer, particularly in neck and lower thoracic cancers. The integrated PET/CT imaging with co-registration of anatomic and functional imaging data is useful in the initial lymph node staging of patients with curative esophageal cancer, compared with PET alone. Lymph node staging (N0 vs. N1) was not significantly different, although individual lymph nodal group staging was significantly better with PET/CT. This may be the reason that lymph node staging is smaller numbers than individual lymph nodal group staging. If only one false-positive node among many lymph node groups is misdiagnosed as lymph node metastasis, the patient is diagnosed as lymph node staging (N1) in the lymph node staging analysis. However, the other excluded false-positive nodes are diagnosed as negative lymph nodes in individual lymph nodal group staging analysis. As a result, there was no statistical superiority in lymph node staging analysis in spite of the significant superiority of PET/CT over PET in individual lymph nodal group staging analysis. A study by Bar-Shalom and colleagues in 32 patients with esophageal cancer (29) , assessed the value of combined PET/CT compared with PET reviewed side-by-side with CT before and after surgery. PET/CT provided better specificity and accuracy than PET for detecting sites of esophageal cancer, especially for assessing cervical and abdominopelvic sites (29) . Furthermore, PET/CT may also improve the limited specificity of PET alone because of false-positive results in infectious or inflammatory diseases (30, 36) . In our study, PET/CT had a significantly higher sensitivity and accuracy than PET. PET/CT was also better than PET for false-negative rates rather than false-positive rates. The reason for this finding is that PET/CT can detect new lymph node metastasis adjacent to high FDG uptake compared to PET alone. More importance was placed in image fusion for interpretation of cervical and abdominopelvic sites in the previous study of Bar-Shalom et al (29) , compared to the current study. One reason for this may be related to the inclusion criteria we used in the current study. This study included only patients who underwent esophagectomy with lymph node dissection. Therefore, more advanced patients with abdominopelvic lymph node metastases were excluded from the study. A study by Yuan and colleagues (37) compared the value of reviewing combined FDG-PET/CT images with that of reviewing sideby-side PET and CT images in the diagnosis of locoregional lymph node metastases in 45 patients with thoracic esophageal squamous cell cancer. The sensitivity, accuracy and negative predictive value of PET/CT were significantly higher than those of PET for lymph node evaluation (37) . As a hybrid of traditional anatomic imaging and functional imaging, PET/CT corrected 66.7% (10/15) of the interpretations that were false-negative on PET and resulted in a high sensitivity by providing a high-resolution structural map of anatomically crowded regions, allowing exclusion of the effects of adjacent tumors, physical motion, or uptake by adjacent organs. Corrections of false-positive interpretations also may have been related to the value of the accurate fusion and subsequent precise localization provided by PET/CT. These previous results are consistent with the present study.
In conclusion, the use of integrated PET/CT imaging with co-registration of anatomic and functional imaging data is highly useful in the initial lymph node staging of patients with curative esophageal cancer. Lymph node staging (N0 vs. N1) was not significantly different, though staging per lymph nodal group was significantly better with PET/CT. PET/CT imaging is highly recommended in the initial evaluation of patients with esophageal cancer. Table III. Comparisons between CT, 18 F-Fluorodeoxyglucose PET and PET/CT in detecting lymph node metastasis by each region. ----------------------------------------------------------------------------------------------------- 
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